Abstract
Introduction

47
Leptospirosis is an important zoonotic disease with a global distribution, affecting a wide range 48 of mammalian animals and humans. Japanese encephalitis (JE) virus is the major vector-borne 49 zoonotic disease in the Asia-Pacific region [1] [2] [3] [4] [5] . Leptospira spp. are maintained in a wide range 50 of reservoir hosts, such as cattle, pigs, dogs, rats, raccoons, skunks and opossums [6] [7] [8] [9] [10] .
51
Leptospirosis is caused by gram-negative bacteria, and more than 260 pathogenic serovars have 52 been identified [11] . Pigs are considered to be reservoir hosts for serovars Bratislava, Pomona 53 and Tarassovi Mitis, and also become infected with Icterohaemorrhagiae from rats and Hardjo 54 from cattle [12] [13] [14] . JE virus is a flavivirus and the main cause of viral encephalitis in Asian 55 countries, resulting in 13,600-20,400 deaths per year [15, 16] . It is estimated that more than 3 56 billion people live in endemic areas [17] . JE virus circulates between Culex sp. mosquitoes and 57 domestic/wild birds or pigs [18] . JE in pigs can cause abortion, stillbirth and infertility which 58 may result in significant economic losses to producers [19, 20] . Pigs are considered to be 59 amplifying hosts and an important risk factor for transmission of JE to humans [21, 22] . Bird 60 migration may play an important role in the spread of JEV [15] .
61
In Vietnam, leptospirosis is a notifiable disease in humans, but few cases (less than 20 cases per 62 year) have been reported to the Ministry of Health. Despite the low numbers of reported cases, 63 leptospirosis is considered to be endemic and serovar Bratislava is commonly observed [23] [24] [25] [26] .
64
A study in the Mekong delta reported a seroprevalence of 18.8% among 1,400 randomly selected 65 people aged between 15 and 60 years [27] . A study in pigs, using titer ≥1:100 by the microscopic 66 agglutination test (MAT), found a seroprevalence of 73% among 424 sows in the Mekong delta 67 area [23] . The serovar Bratislava showed the highest followed by Autumnalis. Giang, Quang Ninh, Quang Ngai, Binh Duong, Dong Nai, Dong Thap and Soc Trang) (Fig. 1 ).
85
The sampling was targeted at large-scale farms (with at least 50 sows and/or 250 fattening pigs) 86 with pigs that tested positive for influenza in the previous surveillance period . In each 87 province, 10 blood samples from piglets (4-8 weeks old) and fattening pigs (9-12 weeks old) and 88 five blood samples from sows were collected from four-large scale farms, but the sex of the pigs 89 was not recorded. Pigs with symptoms of influenza were prioritized for sampling. 
Laboratory analysis
92
The sera were extracted after centrifugation and stored at -20 °C until transportation in a cool 93 box to the National Center for Veterinary Diagnosis (NCVD) in Hanoi. For leptospirosis, the
94
MAT was used to assess the positivity of samples. Two-fold serial dilution was used after an 95 initial 1:100 dilution, and the end-point (1:1600) was the highest dilution of serum that shows at 96 least 50% agglutination of live leptospires compared to the control sample. For JE, enzyme-97 linked immunosorbent assay (ELISA) was used to detect JE virus-specific antibodies in swine 98 serum. We followed the manufacturer's instructions of JE Ab ELISA protocol (VDPro ® JE Ab 99 ELISA; Median, Chuncheonsi, Korea). A sample was determined as positive if the S/P ratio ( 100 ) is more than 0.25. (MCMC) sampling in "truePrev" was conducted by JAGS through the rjags package [34, 35] .
109
The first 1,000 samples of the three MCMC chains were discarded as a burn-in period and the 
Leptospirosis
120
A total of 2,000 sera samples were analyzed from 10 provinces. Overall, the seroprevalence of 121 leptospirosis was 21.05% (95% CI: 19.28-22.90) using a cut-off titer of ≥ 1:100 (Table 2) .
122
Quang Ngai showed the highest seroprevalence (37.5%) followed by Binh Duong (32.5%)
123
whereas Soc Trang had the lowest sero-prevalence (10.0%), and the differences were statistically 124 significant. By using a low cut-off titer (≥ 1:100), the most frequently observed presumptive 125 infective serovar was Bratislava (9.65%), followed by Pyrogenes (6.1%) and Tarassovi (4.55%)
126
( (Fig. 4) . The BGR plots showed that our chains have converged for 142 TP, sensitivity and specificity, respectively (Fig. 5 ).
Discussion
144
A nation-wide study on seroprevalences of leptospirosis and JE in pigs was conducted in provides more opportunities to encounter mosquitoes with JE virus infection.
196
In humans, most cases are in unvaccinated children under14 years of age [56] . JE vaccine was for JE prevalence in our study area. Our study was the first attempt to estimate the TP for JE in previous influenza detection and preference given to apparently sick pigs.
Conclusions
217
We found a relatively high presence of leptospirosis and JE in pigs kept on large farms. 
